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Determination of four imidazolinone herbicide residues in
soils by solid-phase extraction-high performance
liquid chromatography

YANG Zhifu, GAO Chuan, WEI Jing, LI Xuesheng,
ZENG Dongqgiang, TAN Huihua "

(Institute of Pesticide and Environmental Toxicology, Guangxi University, Nanning 530005, China)

Abstract : A new method for determining residues of imazapyr, imazapic, imazamethabenz-methyl and
imazethapyr in soil was developed by solid-phase extraction ( SPE) cleanup and high performance
liquid chromatography (HPLC) detection. Various extraction reagents, solvents at different pH values,
various type of SPE and the elution volumes were compared. Extraction with V ( acetonitrile ) :
V(water) =5:3 at pH 3, with SAX cartridge SPE purification of the extracts were found to be the most
suitable conditions. Determination was done with HPLC coupled with diode array detector ( DAD).
Mean recoveries of four imidazolinone herbicides at fortification levels of 0. 02-0. 5mg/kg were

between 86% —109% (RSD<3.3% , n=5). Under the optimal conditions, limits of quantification in
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soil were 0. 01 mg/kg for imazapyr, imazapic and imazethapyr, and 0.02 mg/kg for imazamethabenz-

methyl (S/N=3).
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Table 1 Physical-chemical properties of soils
R S S RAE M ER: eS| AP FH B8 -3 ffe
Sample No. Source Soil type pH Organic matter/ % Cation exchange capacity/ ( mol/kg)

TRI PR T FRLTHE Red earth 6.7 8.84 5.60

Farmland in Nanning , Guangxi
TR2 RS A H # + Loess 8.3 6.78 10.23

Farmland in Xinxiang, He'nan
TR3 KA 2+ Black soil 7.1 9.53 29.81

Farmland in Changchun, Jilin
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w AR 7E 200 241 nm, B FLBK SO0 7E 201,257 nm,
240 4.80 7.20 9.60 12.00

f 1A Time/min

L. DKIAERR ; 2. HOHESDRREIN s 3. DKAFR VIR ; 4. DRIk Z IR
1. imazapyr; 2. imazapic; 3. imazamethabenz-methyl; 4. imazethapyr
1 4 FhRKIEMERZEBR S FHIARE M (0.1 mg/L) BiEE
Fig.1 Chromatogram of four imidazolinone

herbicides standards (0.1 mg/L)
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volume and recovery
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Table 2 The standard curves of the four imidazolinone herbicides

[ 25| ZEPEVE Linear range(0.05 ~ 10 mg/L)
Herbicides &2 Linear equation R?
BRIBEAAR imazapyr y =35 784x -701.05 1.000 0
LK 54K imazapic y =45 365x -474.91 1.000 0
K EZ FH 5 imazamethabenz-methyl y=31034x-1074.6 0.999 9
WK Z MR imazethapyr y=50121x -1 250.2 1.000 0
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1. PR KRR (imazapyr) ; 2. F LK 00 (imazapic) ; 3. BKHR 7 i (imazamethabenz-methyl ) ; 4. Bk Z 482 ( imazethapyr)
B3 TEZAFER(A)MRM I TR EIZRRET (0.2 mg/kg,B) B % E
Fig.3 Chromatograms of control blank soil sample( A) and blank soils spiked with
four imidazolinone herbicides standards at 0.2 mg/kg(B)
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0.0195
0.0130
0.006 5

0.0000

W N{H Signal/AU

-0.006 5

1.10 2.20 3.30 4.40 5.50 6.60 7.70 8.80 9.90

i} Time/min
A TR3 =5 LA ; B. TR3 25 F LAEPEIN 0. 2 mg/kg IRBHRIER
A. Control blank soil sample of TR3; B. Spiked herbicides (0.2 mg/kg) in soil sample of TR3
1. BRMEHARR (imazapyr) ; 2. B FEBK MR (imazapic) ; 3. BR5E2 B i (imazamethabenz-methyl ) ; 4. Bk 2 {l R (imazethapyr)
4 ERRTEFEREEE (L TR3 Hf)
Fig.4 Chromatograms of soil samples( TR3)

R34 FhoR IR 28 B F A 7E I P EY AN I

Bl =B R AERE (n=5)

Table 3 Recoveries and RSDs of the four

imidazolinone herbicides in soil (n=5)

- WY PR
Herbicides Spiked Average RSD/ %
level/(mg/kg) recovery/%
IR MR R imazapyr 0.02 109 2.3
0.2 92 2.6
0.5 89 1.5
F LWk 0 0H imazapic 0.02 89 2.8
0.2 87 1.3
0.5 88 2.8
DK i FFY 0.02 95 3.3
imazamethabenz-methyl 0.2 103 1.5
0.5 101 1.2
WK 2, K0 PR imazethapyr 0.02 95 2.7
0.2 86 1.6
0.5 89 2.0

0.018 0

0.0135

Signal/AU

Z 0.000 04—

1.10 2.20 3.30 4.40 5.50 6.60 7.70 8.80 9.90
IFE] Time/min

2.6 EBREESRET

iz A S BT S 1 kT 3 RPN ) gt
77 4 PR 25 R, 255 (L3R 4 FIiE 4) %
W 7E 3 A - R A ) 4 Feh iR mhc R 21 B 0 551
AR - BER A I B R AE 79% ~ 110% Z [8], AH Xt
FRUEMRZEAE 1.3% ~6. 1% Z 4],

3 HFig

HESL T —FR L SAX [ A /N AE BRI R S50 A
{6335 (HPLC ) 72 [R] A4S 0 - 198 Hh bk e R 15 | FE R K
B KR R Y P DK e 2 TR 4 el bk sk mbk R 25
W R0 B B 00 O i, O R TR MER 7
0.02 ~0.5 mg/kg W MNKFT 4 PR 555 19 F- 15
AN R AE 86% ~ 109% 22 [a], #H % # U f 2%
(RSD) <3.3% fF G A2y 5k A I 22K

R4 FREFEBTEERPIN 4 FhOKEER B 7 89 T W R A ARERE (n=5)

Table 4 Recoveries and RSDs of the four imidazolinone herbicides in three soils (n =5)

FHT TR1 TR2 TR3
FhnoKks
R B3 SF-45 el 2 SF-4% [m] i A S22 [ i
Spiked level/
Herbicides kg) Average RSD/ % Average RSD/ % Average RSD/ %
m
(me/ke recovery/ % recovery/ % recovery/ %
YA 0.02 110 5.8 101 5.3 99 4.7
imazapyr 0.2 85 3.7 89 3.6 85 1.5
0.5 81 3.4 93 1.7 82 1.9
FP LI 254 0.02 87 2.8 83 6.1 79 5.2
imazapic 0.2 85 3.1 87 4.3 83 3.2
0.5 90 1.9 90 2.5 87 3.6
bk 5 15 0.02 97 3.5 104 4.1 89 3.6
imazamethabenz- 0.2 106 2.0 105 2.1 83 2.9
0.5 102 2.1 103 1.3 85 1.5
methyl
kI 7, AR R 0.02 89 4.3 90 2.4 95 3.5
imazethapyr 0.2 81 2.7 93 2 92 2.4
0.5 86 2.1 95 1.9 86 2.5

W TRI SR AT VUM T A H s TR2 SR AR HT £ 4 H ; TR3 SR A S MR H
Note; TR1. Farmland in Nanning,Guangxi; TR2. Farmland in Xinxiang,Henan;TR3. Farmland in Changchun, Jilin.
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